Abstract. The rheological behavior of mineral settling slurries is a complex and an important matter for minerals industries. Several processes, as milling, dewatering and pumping, are affected by rheological properties. In this work, a bauxite slurry was analyzed using a rotational rheometer, with cylindrical and vane geometries. It was observed that the slurry behavior changed from thixotropic to rheopetical, as the concentration increased. At lower shear rates, the flow resistance decreased abruptly as we could observe in the flow curves. The mineral characterization was performed using X-ray diffraction (XRD), X-ray fluorescence spectroscopy (XRF) and particle size distribution (PSD) analysis. The advantages and limitations in using both geometries are discussed.
INTRODUCTION
It is well known that rheological properties of minerals suspensions are very important to several industrial processes and material handling. In the case of a pipeline operation that usually works with concentrated suspensions, it is detrimental that the fluid exhibits rheopexy, as it may cause a pipe clogging 1 . The pumping project may be taken into account the occurrence of a yield stress 2 . As pumping is an energy-intensive process, it is required, for an economically successful pipeline operation, that the transport of slurry with a high solid content occurs with a high flow, but with a minimal input energy 3 . So, it is essential to evaluate the influence of mineral concentration on the rheological properties of the slurry, mainly on the viscosity, the yield stress and the time dependency behavior.
Several types of rheometers and viscometers have been largely used in suspension rheological analysis, but in the case of settling slurries, some difficulties may occur as the sedimentation during the analysis can interfere on the results. In many cases, it is unfeasible to get a steady-state condition when a cylinder rotor is used in a rotational rheometer test. The use of some vane geometries can avoid this restriction 4 , because they can prevent settling during long testing time. On the other hand, the vane geometry characteristics imply some theoretical limitations because the deformation promoted is not only by shearing and the shear rate is undefined.
The aim of this work is to verify the influence of the bauxite slurry concentration on rheological properties using two types of rotors -a cylinder and a vane -and to evaluate both procedures.
EXPERIMENTAL
The mineral characterization was performed using a X-ray diffractometer Bruker-AXS D5005, a X-ray fluorescence spectrometer Bruker-AXS (Mod. S-4 Explorer) and the particle size distribution was achieved using a sieve kit (Tyler 2 standard sieve series).
The rheological measurements were performed using a HAAKE RheoStress 1 rheometer with Z34 DIN Ti (cylinder) and 2blade-ref 222-1599 (vane). For both cylinder and vane, the tests were carried out at 25°C by using three steps. In the first one, the shear rate was increased from 0 to 200 s -1 in 100 s. In the second step, the shear rate was kept constant at 200 s -1 for 15 s. In the last step, the shear rate was decreased to 0 in 100 s. When using the vane geometry, two maximum rotational velocity (Ω), 300 and 288.4 rpm, were tested.
The slurry concentrations varied from 40 to 60% (w/w).
RESULTS AND DISCUSSION
Because rheological suspension behavior depends on physical and chemical characteristics of the particles, a bauxite commercial sample was previously characterized. The X-ray diffractogram showed that the main mineral crystalline phases present in bauxite were gibbsite, kaolinite and hematite. Most part of the particles (45.4%) was smaller than 0,038 mm, which was mainly composed by alumina (46%), iron oxide (22.4%) and silica (5.5%), as determined by fluorescence analysis. The other two significant fractions were in the size range of 0.053 -0.104 mm (21.3%) and 0.104 -0.147 mm (12.6%), both with very similar composition.
The 50% (w/w) slurry was used as a parameter, in an attempt to establish a test condition capable to promote a similar kind of disaggregating/aggregating effect using both rotors. The best viscosity curve fitting was obtained when 288.4 rpm was used as a maximum rotating velocity for the vane rotor (Fig.1A) . Thus, this velocity value was used in all tests. Using both rotors (cylinder and vane), the rheopexy degree increased as the slurry concentration increased (Fig. 1B and C) . The flow curves also showed an abrupt drop in the flow resistance at lower shear rates (or rotational speeds), which is very similar to the yield stress but, in fact, it occurred at higher deformation levels than expected to consider a real transition from a solid to a fluid state.
There is no evidence that the particle settling influenced on test results from the cylinder rotor. The error expected in this case would be the measurement of lower viscosity values at the final part of a test run, owing to a concentration gradient formed. However, it was observed that the lowest concentration sample (40%), which is the critical case considering it settles faster, showed very similar viscosity values with both rotors (Fig. 2) . The cylinder rotor seems to be a good choice for short time analyses of settling slurry as it gives us direct rheological measurements, while the vane rotor needs a calibration curve to calculate the viscosity. "Short time" means the run time that the settling does not influence on the result; however, the steady state has not achieved yet. Even if steady state has not achieved yet for highly thixotropic samples, it is important to point out that, in real industrial processes, the equilibrium state is rarely achieved. 60%, vane 60%, cylinder 55%, vane 55%, cylinder 50%, vane 40%, vane 40%, cylinder
CONCLUSIONS
It was observed an increase of rheopexy as the slurry concentration increases and an abruptly drop of flow resistance at lower shear rates (or rotational speed) used. The cylinder rotor is a good option for quick test of settling slurries. A quick test is one that occurs in a certain time that settling does not affect the results.
